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Introduction . 
An increasing demand is being made upon all of the forest re-
creational resources of America due to an increasing population 
with more leisure time and changing tastes, and to better avail-
ability of the resources through improved transportation facilities 
and a higher standard of living. In the state parks throughout 
Minnesota new areas are being developed to accommodate larger num-
bers of visitors each year. Many of the campgrounds and picnic 
areas in Minnesota's state parks (as well as on all other classes 
of public lands) have suffered damage of varying degree of the faci-
lities and sites due to a lack of adequate control over increasing 
· \fsage. Construction of campgrounds and other recreational facilities 
is an expensive undertaking, and unless an effective control of use 
is achieved from the very beginning, areas presently being construct-
ed will soon deteriorate to an undesirable quality, as have many 
such areas already. It would seem, therefore, that a necessary 
basis for achieving the desired control would be an understanding 
of the effects of intensive use upon the forest site. 
The forest site itself is what, at least in part, separates 
forest recreation from other types of recreation. The site, con-
sisting of the several stories of vegetation, the soil, and topog-
raphy, lends unique atmosphere to the activity engaged in, such as 
camping or hiking. The importance of understanding the relation'-
ship of the site to the use made of it is apparent. While it is easy 
(~) to make general inferences regarding the effect of camping and 
• 
• 
2 
'7~ other activities on the site, there is a decided lack of' quanti-
tative knowledge of what happens, and sometimes equally deficient 
is a knowledge as to why something occurs. Anyone can surmise 
that camping will result in soil compaction on a campsite resulting 
in increased runoff and perhaps erosion. But how much use over how 
long a time will bring how much compaction of' various types of soil 
resulting in what a.mount of runoff and erosion? How do all of 
these interrelated factors affect various types of vegetation under 
different weather conditions? Questions such as these are in need 
of study before we can properly regulate our forest recreational 
sites. 
This paper reports a pilot study. Thus far, investigations 
of these effects as related to recreation, are almost entirely lack-
~1J ing. Meinecke (1929) engaged in a study of the effect of tourist 
traffic upon the redwoods in California. His study was concerned 
with the influence of soil compaction. Lutz (1945) studied soil 
conditions in picnic grounds in forest parks. His paper describes 
in detail pore volume, field capacity, air capacity, and rate of 
infiltration. It suggests some remedies for reduced permeability 
of the,. soils in these locations. Except for these nothing has been 
published. 
The work of this paper was conducted in the campgrounds of 
several state parks in Minnesota in August and September of 1959. 
The state parks are shown .on a map (see appendix) and are as follows: 
Itasca, Buffalo River, St. Croix, Scenic, Gooseberry FaTrs~·- --Lake 
Bemedji, Wm. O'Brien, Whitewater, Sibley, Helmer Myre, Lake Shetek, 
• 
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r:. ·>; and Jay Cooke. These parks were selected in an effort to sample 
' . . . 
different soils, vegetation types, and local climate, and to in-
elude heavily and lightly used and old and new campgrounds. It 
was not the intent that the data collected be summarized for all 
of the parks combined. For example, growth data are discussed for 
each campground; it would be meaningless to combine the figures 
for all of the parks. Some of the campgrounds studied have been 
in use at least since 1933, while other areas have been opened 
within the last year. The campgrounds also represent varying de-
grees of control over usage. 
At Gooseberry Falls and Lake Bemidji new campgrounds had been 
opened within the last year, adjacent to the older areas. These 
two new campgrounds brought the total number examined to fourteen. 
The broad, general purpose of the study was to determine what 
effect intensive recreational use has upon the forest site occupied 
by the campgrounds. Information was gathered relating to mortality, 
reproduction, ground cover, tree growth, stand density, and species 
composition. In addition, data were collected on soil compaction 
and infiltration rates in an effort to relate these to tree growth. 
Methods 
Measurements taken 
With little previous work as background, it was difficult to 
de'Cide what type of data should be gathered to give the information 
desired. It was finally decided that on each one-firth acre plot 
three dominant trees of the primary species {or two primary species) 
4 
l:c·', in the forest type would be selected for measurement. On these v.:.. .... ~ 
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trees height was measured to the nearest foot with an Abney hand-
level. Diameter was measured at breast height with a diameter 
tape to the nearest one-tenth inch. An increment boring was taken 
at breast height, and an estimate of vigor based on crown density 
and defect was made using the following classification: 
Crown density 
I. Good--at least 2/3 filled with foliage of healthy 
green color and normal size 
II. Medium--
III. Poor--less than 1/3 filled, or with foliage of 
poor color and less than normal size 
Soundness 
l. Sound 
2. Diseased--with visible sign of fungus or insect 
damage 
3. Badly scarred or damaged--fire scars, visible rot 
at the base or partially dead top 
4. Defective or cull 
5. Dying or dead 
Within each one-fifth acre plot, reproduction and ground 
cover were measured on four milacre plots. Reproduction was 
separated by species and was classified by size: up to one foot 
in he1ght--seedl1ng l; one foot to four and one-half feet in 
height--seedling 2; over four and one-half feet in height and up 
to 1.5 inches in diameter at DBH--sapling l; and from 1.5 inches 
5 
(\: to 3. 0 inches in diameter at DBH--sapling 2. Ground cover was re-
corded by species, % ground covered (estimated), number of plants, 
and height. In the plots outside of the campground only those 
species covering at least 10% of the ground were counted, while 
all species were counted on plots in the campgrounds. All plants 
were counted up to ten; the nearest ten from ten to one hundred; 
-
and to the ' nearest fif'ty over one hundred. 
All trees over 3.0 inches in diameter at DBH were recorded by 
species. 
Infiltration rate was measured with a ring infiltrometer, 
measuring the time it took for two inches of water to infiltrate. 
Bulk density samples were taken with .a bulk density sampler. 
The sample was taken by driving the sampler into the very surface 
(~~ of the ground and extracting the core from a three inch long cylin-
der three inches in diameter. Soil texture was also determined 
. .... --:_ .. 
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from these bulk density samples. 
Dead trees on the campground were recorded by species. 
A rough sketch, properly oriented, was drawn from each camp-
ground, showing bearings and distances to one-fifth acre plot cen-
ters. Also indicated were fire places, parking spurs, buildings, 
etc., close enough to the plots to influence the data collected. 
Generalin.formation such as insect or disease problems or recent 
fire history was note·d, plus a general description of topography. 
Field Procedure 
The rollowing is the specific procedure used for collecting 
6 
·<:.: the data from the plots. The campground and immediately adjacent 
areas were stratified by forest type. (As it turned out, no camp-
grounds were encountered having over one type present so this 
presented no problems). Within the type four one-fifth acre, 
circular plots were established. At the center of the used area 
an iron rod about eighteen inces in lengt~ was driven into the 
ground with about two inches of the rod above ground. This rod 
was then located by bearing and distance with reference to some 
easily identifiable, permanent point. From the center point two 
random bearings of multiples of ten degrees were taken. Midway 
between the center point and the edge of the used area along the 
bearings the center points of the one-fifth acre plots were loca-
ted. Along the same bearing, when possible, a distance of three 
.. . . ; .. · .-.: :~- chains into the unused area or the same forest type immediately 
~~ -~ 
'··· : · 
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adjacent to the campground, the center points of the unused plots 
were established. The procedure used in gathering data within 
these plots was the same as will be described for the plots in 
the used areas with the exception already noted in the measure-
ments taken regarding ground cover. 
Where obstructions, such as a fire place, prevented driving 
a pin marking the plot center, the center point was set on the 
bearing by continuing to the first point where the pin could be 
driven. All variations from the normal distances were recorded on 
the plot sheet. A cord of predetermined length was then attached 
to this pin and used as a radius to count all of the trees on the 
7 
( ;:."..:; plot over . 3. O inches in diameter at breast height. Then the three 
dominant trees (of the primary species) nearest the center point 
were measured for height and diameter as previously described, an 
increment boring was taken, and an estimate of vigor was made by 
the system described. Increment cores were sealed in straws with 
wax to be counted later. 
'· ~:. . 
P.fter the measurements on the one-fifth acre plot were com-
pleted, four milacre circular plots were established on the cardi-
nal directions {north, south, east, and west), each ten feet from 
the center of the one-fifth acre plot. Alterations in distances 
due to obstructions were made in the ma.ri..ner described for the one-
fi.fth acre plot center a.nd duly recorded. .A cord of predetermined 
length was then attached to a pin at the center of the milacre 
~:~:~) plot and used as a radius to count all of the reproduction on the 
milacre plot. These data were then classified as described and 
recorded by milacre plot within the one-fifth acre plot. Ground 
cover was then recorded. 
For counting trees on the one-fifth acre plot, and for seed-
lings and saplings on the milacre plot, individuals bisected by 
the plot edge were included half of the time. In such instances, 
distances were measured by tape. Distances from the center of the 
campground to the center of the one-fifth acre plots were paced. 
Distances locating the iron rod at the center of the campground to 
the reference point were also measured with a steel tape' bearings 
were taken with a Fo~est Service staff compass. 
. :: ..• : . 
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At the center of the north milacre plot a ring infiltrometer 
was driven into the ground and the time for infiltration of t wo 
inches of water was measured. At the center of the east milacre 
plot a bulk density sample was taken of the surface soil. Only 
loose leaf or needle litter, totaly undecomposed, was removed. 
A general description of the plot was then recorded, including 
topography, general condition of tree cover, and other pertinent 
information. The foregoing procedure was carried out on both the 
used and on the unused plots. At times it was not possible {due 
to lakes) to continue on the same bearing from the center of the 
campground, so a random bearing of a multiple of ten degrees was 
taken from the center of the one-fifth acre plot just completed. 
All departures from the regular routine were carefully recorded to 
facilitate the relocation of these plots. On another random bear-
ing from the center of the campground another plot was taken withi n 
the campground and another without, using the same procedure. 
Whenever it was impossible to use the original bearing, another 
was randomly selected. 
Off ice Procedure 
The soil bulk density samples were dried to oven dry moisture 
content by heating to a temperature of 105 °c for a period of 48 
hours. They were then weighed. Later a mechanical analysis of 
sand, silt, and clay was run by the hydrometer method from these 
samples. 
The increment cores were aged and measurements taken for 
growth rate by five year periods on a Swedj_sh tree ring counting 
9 
i/ :•_,, machine. All cores were viewed in the radial section for counting 
and measuring annual rings. 
'l'he statistical analysis of the bulk density and infiltration 
r~te samples is shown in the appendix. Upon examination of the 
growth data curves it was apparent that statistica.l analyses to 
determine differences in growth rate between trees within and 
without the campgrounds were not justified. The data on density, 
ground cover, reproduction, infiltration rates, bulk density, and 
texture are summarized in the accompanying tables. Also appearing 
in the appendix are the figures of annual growth measured on the 
increment cores. 
Use of Areas 
Use data for each of the campgrounds were collected before the 
field work was begun and are shown in Table 1 (the form in which 
the data were recorded in the office of the Division o'f' State Parks) 
and Table 2 {visitor days as converted from the figures in Table 1). 
Two campgrounds, one at Lake Bemidji and the other at Gooseberry 
Falls, were just opened at the time of the study and figures for 
these two are not given. In Tabie 1, during some of the years in 
which use is reported by receipts, various other activities were 
originally included in these figures. Receipts for these other 
activities have been deducted to arrive at the figures shown in 
the table. 
In Table 2 the data from Table 1 have been converted into 
visitor days to determine whether or not any observed phenomena 
10 
r-,<';~ in growth, reproduction, etc., varied with intensity of use. Due 
to difficulties both in the original data and the conversion to 
visitor days, the classes of use are necessarily broad. Class A 
consists of those campgrounds having a total usage of over 100,000 
1tisltor days. In class C are those campgrounds with let3s than 
10,000 visitor days. Class B lies in between these. 
From 1935 through 1950, inclusive, the individual state parks 
reported their receipts biennally for the campgrounds. Fro!!!. 1935 
to 1955 the average campground use rate was $.35 per car. That is, 
cars with trailers were charged $.50 while cars without trailers 
were charged $.35. A rate of $.35 may not be too good an average, 
however, since there were probably many fe·wer trailers then than 
there are now. There is probably no way of determining a more 
}~) accurate average. For all years an average of four visitors per 
:::·~. 
':.:;;' 
car \</as used. 
Receipts from parking and camping were reported jointly for 
the years 1935 through 1938, inclusive. The only park at which 
parking was charged for was Gooseberr-J Falls and only for the 
years 1937 and 1938. A rate of $.25 per car was charged for park-
ing so a total average rate of $.60 per car was used :for that 
biennium to detennine the num·ber of if1s1tor days. 
Receipts from camping and group camping were reported jointly 
from 1941 through 1946. Group camping revenue crune from Itasca 
and St. _Croix parks. An estimated revenue of $600 per year was 
given by the Dinsion of State Parks and was deducted from the re-
ceipts at St. CrQix Park; but was not used for Itasca since for 
11 
(·~) several years the revenue collected there did not total that much. 
For 1941 and 1942, a deduction of $300 per year was selected arbi-
trarily and this seemed to be a reasonable figure as borne out by 
the number of visitor days calculated. For 1943 through 1946, 
again at Itasca, a deduction of $50 per year was used to correct 
for the receipts from group camping. 
Cabin rental receipts were included with camping revenue for 
the years 1941, 1942, and 1947 through 1952. Cabin rental was 
collected at Itasca, Scenic, St. Croix, and Whitewater parks and 
was separated from camping money as follows: A rate of $4 per day 
is charged for the cabins. There are six cabins at Itasca, three 
at Scenic, ten at St. Cro1.x, and .five at Whitewater. The cabins 
are in use for about 65 days. The cabins are in great demand so 
({) the full usage was assumed except at St. Croix where they are 1n 
less demand; here they were asswned to be used about half as much 
as the other cabins and the revenue was calculated tor five cabins · 
in full use. On this basis the total revenue (camping plus cabin 
rentals) was reduced at Itasca by $1560 per year, at Scenic by 
$780 per year, at St. Croix by $1300 per year, and at Whitewater 
by $1000 in 1941 and 1942, and by $1300 from 1947 through 1950, 
inclusive, for each year. The revenue was lowered from the amount 
calculated ($1300) on the St. Croix and Whitewater to approximate 
the general trend in visitor days more closely. 
After 1950 the parka reported revenue annually. In 1951 and 
1952 the receipts from camping were included with receipts from 
cabins but thereafter camping funds were kept separate. Visitor 
• 
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[_;·<: days for 1954, 1955, and 1957 were computed from camping receipts. 
However, the rate per car was raised to an average of $.65 ($.75 
per car ... and trailer and $. 50 per car without a trailer) for 1955 
and $.75 for 1957 ($1.00 and $.50 with and without trailer). Vis-
itor days for 1953 were calculated from the number of camping 
tickets. Each ticket was assumed to represent four people for 
three days. The visitor days for 1956 a.nd 1958 were already com-
puted by the Division of State Parks from the annual campground 
receipts using an average rate of $.75 per car and four people 
per car. 
Again, all figures in Table l are for camping alone, the 
various other activities already having been accounted for. There 
are a number of weaknesses in the figures as is evident. Est1-
-~;:.·~;; 
''-·'> mates of averages were given by the Division of State Parks and 
are probably the best available, but how close to the actual figures 
they are is difficult to say. Another problem is that of the value 
of a visitor day in campgrounds in the northern and southern parts 
of the state. Those in the northern areas are used as vacation 
parks, while those in the southern parts are often just overnight 
stops for tourists going west for vacations. There is probably no 
way to compute a separate value for each, but it would seem that 
the intensity of use of the two types of days is different. 
Results and Discussion 
Soils 
Soil bulk density data are summarized in Table 3. There are 
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;? :'.1 two samples for the used area and two for the unused at each camp-
ground. On all but two of the campgrounds the combined samples 
from the used sites were heavier than the corresponding combined 
samples from the unused plots. On ten of the fourteen campgrounds 
both of the samples from the used area exhibited a greater bulk 
density than either of the samples from outside of the campgrounds. 
The maximum difference between the combined samples occurred on 
the older campground at Gooseberry Falls where the combination of 
the two used samples outweighed the unused by 283%. At. St. Croix 
the combined samples of the unused area outweighed the used by 11%, 
and at Sibley the weight of the unused samples surpassed that of 
the used by almost 11~. In the .statistical analysis of the bulk 
density samples an F value of 106.8 was determined for the used 
~St versus unused plots. An F value of 8.8 would have been signifi-
cant at the 1% level. The F test for the source of variation re-
sulting from location was not significant. The determination of 
the F tests is shown 1n the appendix. 
Infiltration was timed on two plots within the used area and 
two without at each campground. On all but two of the campgrounds 
the combined samples for the used plots showed a longer time for 
infiltration than for the unused plots. On eleven of the fourteen 
campgrounds the fastest rate of infiltration for the used sites 
was slower than or equal to the slowest rate of infiltration for 
the corresponding unused location. At Scenic one of the infiltra-
tion tests on the unused area took much longer than both of the 
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(~~. samples from the used area combined. However, at Helmer Myre the 
.. -_ 
unused plots had a combined longer time of only .13 hours than the 
combined used plots. A non-significant F value was found, however, 
for the used versus unused source of variation. The analysis is 
contained in the appendix. The infiltration rates are sunnnarized 
in Table 4 on page 18. The mechanical analysis of the soil samples 
is shown 1n Table 5 and Table 6. 
Vegetation--Composition 
At each of the larger plots ground cover was classified by 
size and species on four milacre plots. Table 7 shows the summary 
of this information. On the plots within the campground 100 out 
of 112 plots were barren of cover one foot or more in height. 
Twenty-two plots were completely barren. Outside of the campgrounds 
~jJ only 26 out of 112 plots lacked cover at least one foot in height, 
and only six plots were completely bar~en. This is, no doubt, the 
result of the soil compaction 1n the surface of the soil, plus me-
chanical damage to the vegetation . . 
Reproduction was also counted on these milacre plots and is 
shown in Table 8 on page 22. This table shows that of 112 plots 
in the campgrounds only 15 were occupied by any reproduction at 
all. At the same time 62 of 112 plots outside of the campgrounds 
contained reproduction of varying size and species. At Lake Be-
midji there was no reproduction at all outside of the campground. 
Otherwise all campgrounds had some reproduction on the unused plots. 
However, seven campgrounds had no reproduction whatsoever on plots 
within the used area. 
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At Buffalo River the predominant tree species in the camp-
ground is basswood. Outside of the campground it still predomi-
nates, although there is a much better mixture of hardwoods, This 
may be due at least in part to the favoring of basswood over other 
species when clearing for campsites. At any rate there is no re-
production at all within the campground 1 and in the unused area 
the reproduction is primarily box elder. However, thdia does not 
necessarily mean that this will reach maturity and become the pri-
mary species. Basswood 1 of course, reproduces primarily by stump 
sprouts. This means that unless management practices are introduced 
to favor basswood it will probably disappear from the site. This 
camping area has been in use at least since 1942 and had received 
an estimated total use of some 15,000 visitor days prior to 1959. 
At Itasca State Park there has been an interesting change in 
the species c.omposition within the campground in relation to the 
forest type of the 1rmnediate vicinity. The forest cover type in 
the local area contains .a fairly high proportion of birch and 
aspen. However, within the campground these two species are almost 
totally absent. The reproduction within the campground was sparse; 
on the plots it was represented by the birch sprouts at the base 
of one tree and seven elm seedl~ngs less than one foot high. 
Whether these will be able to reach maturity is another question. 
The forest cover within the campground consists of a mixture of 
hardwoods including elm, white oak, basswood and ash. outside of 
the camping area these same species are found plus aspen and birch. 
24 
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•: .- ? There is a good mixture of hardwood reproduction occurring in the 
unused area. Both in and around the campground there is a super-
story of old-growth white pine. These trees are f'ew in number, 
mature to over-mature, often diseased and fire scarred, and not 
establishing reproduction. It may be that the aspen and birch 
have been cut out of the campground area, or it may be that these 
species are particularly susceptible to camping effects. 
The apparent inability of birch and aspen to survive on the 
campground at Itasca may bode 111 for the campground at Jay Cooke 
State Park which is in an aspen-birch stand. Already in this 
campground many of the trees are stag-topped and in poor condition. 
Many of the aspen are infected with Nectria canker. Here too 
there seems to be a coming change in species composition unless 
management practices are introduced to avert it. There is no re-
production in the campground, and only sparse reproduction in the 
unused area. Although there is little aspen or birch reproduction 
outside of the campground, that might be changed by opening the 
understory up. Aspen reproduces mainly by root suckers which 
could be mechanically induced. 
At Wm. o•Brien there is a mixture of hardwoods, such as sugar 
and silver maple, red and white oak, green ash, and baswood, plus 
a super-story of scattered white pine. Again, t~e reproduction 
suggests that there will not be a drastic change in species if re-
production can be secured. 
The campground at St. Croix Park is in an almost pure stand 
or Jack pine. Outside of the campground more red oak and aspen is 
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({~ found. The smaller percentage of these species in the campground 
may be due to the favoring of the jack pine in clearing for camp-
sites. Within the campground there is no reproduction established. 
Outside of the campground some jack pine and red oak reproduction 
is found, but due to its intolerant nature the jack pine may not 
succeed in maturing. It may be, then, that on this camping area 
• _ ··~> 
. too, the primary tree species now present can only be maintained 
by aid from forest management. 
The new ca.~pground at Gooseberry Falls has been established 
in a stand consisting mainly of birch. The overwhelming prepon-
derance of birch in the overstory plus a total lack of reproduction 
in the campground makes it appear that this camping area will at 
some time convert to another species. Even in the sparse reproduc-
(';.~~-: tion outside of the campground, birch reproduction, vegetative and 
otherwise, is absent. This would indicate that the birch would be 
replaced in natural succession by other species, and perhaps the 
establishment of the campground will hasten this replacement. 
On the older campground at Gooseberry Falls the predominant 
tree species is also birch. Reproduction here too is almost en-
tirely lacking within the camping area and rather sparse in the 
surrounding vicinity. Nowhere does the birch seem to be repro-
ducing itself. However, the unused area indicates that birch has 
been the dominant species for some time; even under relatively 
undisturbed conditions, and since the area has been used for camp-
ing for at least 22 years with little apparent damage to the birch 
present, it is difficult to estimate how long it will be before 
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. (. . the birch is largely replaced • 
. ~ ... i~: 
At Scenic there is quite a mixture of species containing white 
and red pine, birch, aspen, white spruce, and balsam fir (the last 
being the predominant species). Since reproduction of any tree 
species is lacking on the campground and is sparse in the area a-
round the campground, it is difficult to tell what the :f'uture course 
of species composition will be. Balsam fir is a climax species in 
this region on these sites under normal conditions. What effect 
camping will have remains to be seen. 
The campground just opened at Lake Bemidji is also locate.d in 
an aspen-birch type with some white oak present. One of the plots 
in the campground was devoid of any reproduction, perhaps the re-
sult of fill, while neither of the plots outside of the campground 
{~ showed any reproduction at all, possibly a result of very dense 
brush. In one of the plots in the campground there was quj.te a bit 
of aspen reproduction of seedling size. It is probable that this 
area was partially cleared by cutting and spraying, both of which 
could induce aspen suckering. Whether this reproduction will become 
genuinely established remains a question. 
On the older campground at Lake Bemidji white and red pine are 
the dominant species forming a super-story over a seconda!""J story 
composed largely of birch and white oak with a scattering of other 
hardwoods. The white and red pine are mature to over-mature but 
seem quite sound and w1ndf1rm, so it is difficult to speculate how 
long they may last. However, even with a complete lack of repro-
duction on the campground from which to draw inferences, it seems 
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unlikely that the pine will reproduce itself. Lack of reproduction 
on the unused plots may be the result of brush removal for future 
campsites, and the dense, undecamposed needle litter. Here also, 
at least for the red pine, conditions are not conducive for repro-
duction even in an undisturbed sta.te. .n.. reasonable guess might be 
that these pine stands {being relatively isolated islands in the 
aspen-birch forest) will convert to aspen and/or birch at some 
future time. 
The campground at Whitewater State Park in southeastern Minne-
sota is more open in appearance than forested. Located in lowland 
hardwood forest, there are rew trees at all in the campground. The 
principle species on the campground is green ash, with a mixture of 
other hardwoods, runong them white onk, basswood, and sugar maple. 
(?~ Also present - in the vicinity are such species as black walnut, 
American elm, and red oak. There is no tree reproduction in the 
"lawn" on the campground. Outside of the area, each of the various 
species is present in the reproduction so the type appears to be 
quite stable. If reproduction can be established in the campground 
the present species will be maintained. 
At Helmer Myre the campground is in a stand 0£ mixed hardwoods, 
p~1mar1ly - sugar maple, basswood, and American elm. Here, too, both 
on and of'f the camping area, reproduction present indicates the 
probable maintenance or the present overstory species. However, 
the camping area is only a year old and the continued presence of 
reproduction in the campground is not guaranteed. 
The campground at Lake Shetek is in a stand of mixed hardwoods 
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(3) with white oak the principle species. Also included are green ash, 
hackberry, box elder, and American elm. There is practically no 
reproduction established within the campground, and that which is 
.J •• ~ •• 
t'!.:;:~: 
present may not survive beyond the seedling stage. outside of the 
campground ~production is sparse, probably the result of a heavy 
understory of brush. However, among the seedlings that are found 
green ash 1a predominant and white oak is absent. It may be that 
white oak in the future will be a species of secondary importance 
in the stand. 
At Sibley State Park, white oak and green ash are the primary 
species in the forest overstory of mixed hardwoods. As at most 
campgrounds reproduction is absent on the campground. Outside of 
the campground, however, in contrast to Lake Shetek, white oak 
1.-::c:-~: · seedlings can be found. Again, 1 t remains to be seen whether they 
will grow beyond the seedling stage. Green ash reproduction is 
absent or very scarce, and so it may be that. here ash will assu.~e 
a secondary role in the future. 
Table 9 i .s a summary of the density data gathered. Only at 
Scenic is there a greater number of stems per acre in the camp-
ground than in the surrounding area. This usual greater density 
outside of the campgrounds is probably the result of thinning for 
campsites, roads, and buildings, plus some mortality within the 
campground due to the effects of soil compaction resulting in de-
creased . rootlet penetration, decrea.sed aeration, decreased infil-
tration, and increased erosion, and to physical damage to trees by 
campers. This last mentioned category may be quite significant, 
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(/::; and would include running over roots with vehicles, running into-
trees with vehicles rupturing the bark or breaking the stem, limb 
removal, bark peeling (birch especially), injuries from young axe-
men, and assorted other causes. 
The difficulty is, of course, to separate mortality that has 
occurred as a result of deliberate thinning for campsites from mor-
tality resulting from "use." It is important to be able to sepa-
rate these causes if anything is to be determined as t.o relative 
tolerance of different species to camping. Certain species such 
as birch are naturally favored when caµip sites are cleared, and 
little is understood of tolerance to camping. Therefore, presence 
cannot be·····ass·1gned a cause until more complete data· ·cari be obtained. 
Vegetation--Growth 
Figures 1 through 10 show the rate of growth data collected 
on ten of the campgrounds. Growth data were not curved for the 
new campgrounds at Gooseberry Falls, Lake Bemidji, and Helmer Myre 
because the short time. since establishment would not show any dis-
cernable trends or differences between used and unused plots. The 
growth data from Wm. O'Brien were also omitted because of the in-
ability to compare within different species on the used and unused 
areas. The arrangement of trees in this campground did not permit 
selecting dominant trees of one species on all four one-fifth acre 
plots. This was also true at Itasca although the data were curved 
in this. instance to note the differences between species. No gen-
eralizations can be made with regard to growth shown by the curves 
except that there is no general pattern. At Buffalo River a general 
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w "~ decrease in growth rate in trees both on and off the camping area !/~~--:: 
takes place prior to the time of the opening of the area ~·or camp 
1ngo The establishment of the campground (in 1942) is followed by 
an increase in growth rate by trees on the campground. This is 
paralleled by trees outside of the camping area, and may be the 
result of better rainfall, or some other climatic change. 
At Itasca there appears to be a general decrease in the rate 
of growth prior to the establishment of the campground. Afterwards 
the basswood in the campground show a tremendous increase in growth 
rate for a time, while the aspen outside of the campground shows an 
accelerated decrease in growth rate for a while. The increase in 
the growth rate of the basswood may be due to reduced competition, 
but it la difficult to relate campground establishment to reduced 
ef·.~;}:~ aspen growth in the surrounding area. 
At St. Croix, the jack pine underwent a long period of decreas-
ing growth rate. This was interrupted for a brief time in those 
trees on the campground before its establishment. The trees outside 
of the campground experienced a brief period of increase shortly 
after the establishment of the ca.i~ping area and again in the last 
several years. Both periods of increase apparently are unrelated 
to the campground installation. 
At Jay Cooke there is no apparent effect of the campground on 
growth rate unless it is several years delayed. However, the tre-
mendous drop in growth seven years after the opening of the ~~~a 
is evident in trees both on and off the campground. 
On the older camping area at Gooseberry Falls the growth rates 
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of trees within and without the camping area are nearly parallel 
for a number of years both before and after the establishment of 
the campground. Because of this, the increase in growth rate be-
ginning about the time of the campground's opening, may be the 
result of some climatic factor. 
There is a long period of increasing growth rate at Scenic 
State Park up to about the time the campground there was establish-
ed. Then, there is a tremendous increase in growth both on and off 
the campground, but more so on the campground. Possibly the greater 
increase on the campground could be attributed to reduced competi-
tion. The difficulty is that here and at other campgrounds, the 
change in growth rate takes place several years prior to the date 
that revenue began to be collected from these campgrounds. It may 
be that these areas were cleared and camped on for a number of 
years before camping fees were charged. Whether or not such is the 
case is unknown. 
'!'he older campground at Lake Bemidji shows the same picture · 
as some of the others: an increase in growth rate beginning Just 
prior to the opening of the campground, and appearing in trees both 
in and outside of the camping area. 
At Whitewater State Park just before the establishment of the 
campground, growth rates of trees presently on the campground cease 
to increase and decline begins, while trees outside o~ the camp-
ground continue to increase for a short time after the establish-
ment of the campground and then decline to the present. A number 
of years after campground establishment, trees in the campground 
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(,~} begin again to increase in rate of growth. 
At Lake Shetek an increasing rate of growth in trees within 
and without the campground occurred prior to campground establish-
ment. This was slowed in the trees within the campground after 
its establishment, and fluctuations thereafter in the growth rate of 
these trees seems less than in the trees outside of the camping 
a:rea. 
At Sibley, however, fluctuations in growth rate appear of 
greater magnitude in trees within· the campground than those out-
side. Both show an increase in growth rate about the time of the 
establishment of the campground. 
The figures 1n··:Table 10 in the-'' appendix show the rates of 
growth for each individual tree from which increment cores were 
taken. The figures represent five year averages. Also shown are 
.t the ages of these trees. One of the difficulties encountered was 
(c~: ... .... -.. 
the inability to detennine age for many trees because of heart 
rot, or 1nab111 ty to reach the center ot the tree w1 th the incre-
ment borer. For most of the trees where age could be determined, 
a small range was found at a given campground. Whether this holds 
true for trees not aged is unknown, but they have been assumed to 
be of comparable age also. 
Ef'fects of Camping on Vegetation 
Camping can probably affect tree growth in a number of ways: 
by park . peeling and other mechanical injury to the above ground 
parts of the tree; by the addition of various materials to the soil 
such as ashes, garbage; and human wastes; by the effect or these 
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·-·-'.">- factors upon competing vegetation; and by changes in the soil in-1 . -
eluding soil covering by roads, buildings, and fireplaces, and 
soil compaction with its effects upon moisture and air within the 
soil, and its mechanical effects on roots by breaking them or 
making the soil impenetrable. 
As to the specific effect of camping upon tree growth, it is 
not yet possible to make broad generalizations such as "It reduced 
tree growth." It may do this generally but many variables- appear 
to enter in. Campground construction may, at least temporarily in 
some situations, increase tree growth. It appears certain, and it 
is reasonable, that the effect of camping on growth of trees will 
vary with the species concerned. Some species will be more resis-
tant to the effects because of deeper rooting or different moisture 
, · -=:;~1 
:;:-:;·, requirements. Paper birch is particUlarly attract! ve to bark peel-
- :.-.. .. 
; .~;. ,_: .. ~ 
., ~ .~:: .... 
ers. 
It is probable that the age or· the stand is a factor. Possibly 
mature and over-mature or very young stands would be more easily 
damaged by camping than trees at the height of their vigor. 
Intensity or use and time will cause the erfect to vary. Camp-
ing just heavy enough to hold out competing vegetation may well in-
crease growth. It seems that this is orten the case for a lim.ited 
time. As time progresses and compaction or erosion becomes severe 
this may change • 
It would be reasonable to expect that .site conditions, slope, 
aspect, and especially soil conditions (rertility, texture, struc-
ture, depth) would enter into the picture. The law of the minimum· 
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· ·;.:;:... may hold, particularly on a very shallow soil. Perhaps an abun-l': . :.~ 
dance of one factor such as moisture might offset to some degree 
a deficiency in another such as fertility. Probably the more fav-
orable the site for the tree species present, the less adverse the 
effects of camping will be. 
Climate, particularly the amount, ldnd a.nd distribution of 
precipitation, will have an influence. During extended conditions 
of drought, camping may affect tree growth more drastically than 
during periods of ample precipitation. 
Genetic differences within a speci es will enable certain in-
dividuals to withstand greater use and damage. Conversely, some 
individuals within an otherwise tolerant species may lack genetic 
characteristics needed for survival. 
It will often be d1.fficult to separate the influence that each 
characteristic has on tree growth. Probably camping will only help 
tree growth as it reduces competition and adds to the soil materials 
valuable for tree growth. These effects will probably be offset in 
time by adverse effects, but how long that time will be, and to 
what extent the adverse · conditions will offset the favorable ones 
will vary. 
Summary 
This study was occasioned by the increasing demand being placed 
upon our forest recreational resources and was an attempt to deter-
mine what effect intensive recreational use has upon the f'orest 
site. A number of state parks in Minnesota were visited and infor-
~2~, mation gathered on soil and vegetation, particularly tree species 
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(~; composition and growth. These data were discussed with regard · to 
usage or the campgrounds. 
There are a number of confounding factors that make difficult 
the interpretation of the data. Already mentioned is the difficulty 
of studying mortality due to camping as distinct from thinning for 
campsites. The difference in density between the used and unused 
areas does not give us the separate factors, yet it is impot'tant 
that we be able to distinguish between them. It may be that a count 
of all of the trees on the campground at the time of its establish-
ment will have to be taken. This could involve permanently marking 
each tree and then continuing a long term study. .In some cases it 
appears that trees presently favored on the campgrounds cannot sur-
vive and other more resistant species will become acceptable. It 
~~ may be that with an understanding of use tolerance and site condi-
tions less hardy but more desirable species (such as birch) can be 
maintained by management practices favoring those species. 
;.;.'! ,·-.H, • ' 
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It seems highly probable that such long term studies as that 
just suggested will be needed to arrive a..t an understand!~'. of the 
effect of all of the factors involved in camping. It is especially 
important, 1n some situations at reaet~ that such studies' be enacted 
at the time of the establishment of the campground, or even prior 
to it if it is known what areas ~.re soon to be developed, The rea-
son for this being that many of the unused· areas of the same type 
inmlediately adjacent to the campgrounds disappear as it becomes 
necessary to expand the campgrounds to meet increasing demand. Al-
ready many of these "unused" areas are used for garbage disposal 
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r<:; and others serve as hiking areas. Studies like these will need 
to be conducted on a wide variety of forest cover types and under 
many differing site conditions, since information gained from one 
locality may be of little value in another area. 
It will be important to keep a close history of each of the 
areas studied. Occasionally campgrounds are installed on low sites 
or poor drainage and filling is necessary. Without the knowledge 
of this, interpretations of data gathered later on may be in gross 
error. Fire and logging history of these areas will be important. 
The campgrounds can only be understood completely in the light of 
the surrounding vicinity, so it will be necessary to know the gen-
eral ecology, geology, and geography of the region. 
Finally, of paramount importance to any and all of these stud-
';,f) ies will be a uniform system of record keeping of use data that 
will permit such data to be readily and accurately used in managing 
these campgrounds. If use of the areas is not recorded originally 
in visitor days or some such unit of use, then a consistent con-
version factor may be maintained to transpose receipts or camping 
< :~ ~~-
~ .. . --· 
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tickets into the unit of use. Without accurate and understandable 
use figures it will be difficult to relate effects observed to use 
with any degree of certainty. Without the knowledge of what effect 
varying intensity of use has on the site it will be difficult to 
prescribe management practices to maintain these areas. 
As was mentioned earlier, construction and maintenance or for-
est campgrounds is a costly business. With proper management based 
.,,._ ... ,__ 
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on an understanding or what takes place on these areas, it should 
be possible to hold down costs or at least spend funds where and 
when it is most effective and efficient. Possibly a better under-
standing of these matters will permit better communication of the 
manager's problems and make it easier to secure funds for forest 
recreation management. 
Appreciation is here expressed to the Minnesota Division of 
State Parks for the valuable information and assistance provided . 
for this study . 
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